This paper introduces a low-cost (i.e. economically competitive, yet functionally robust) embedded system known as the InterDAQ (i.e. Internet Data AcQuisition). The current energy savings technology relies on conventional data logging systems, in which two major barriers exist. Foremost is the fact that retrieving the energy data is not convenient, and the cost of the data logging equipment is high. The interdisciplinary solution presented here to accomplish these goals is to include a miniature web server in a remote-logging module, which we designed as part of our device, thus allowing data to be accessed more frequently, via the Internet.
Project Genesis
The measurement of a building's power consumption is of paramount importance to increase the efficiency of its energy consumption and to aid in the future design of ecologically conscientious buildings. Monitoring power consumption is currently limited to larger buildings because of the high cost of associated equipment. Monitoring a building along with regulating its energy consumption, also known as continuous commissioning, can reduce a buildings energy consumption by 10% to 40%. The Energy Systems Laboratory at Texas A&M University has applied this technique to over 290 buildings and obtained an average savings of 22%. 4 Since applying the abovementioned energy savings technology which relies on conventional data logging systems, two major barriers exist. Formost is the fact that retrieving the energy data is not convenient, and the cost of the data logging equipment is high. Improvements of the cost-effectiveness and streamlining of monitoring and verification projects in building energy control exists today.
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Remotely located data loggers have been used extensively for collecting measurement data. [6] [7] [8] [9] [10] Convenient retrieval of the data from the data logging device has always presented a problem. 11, 12 One solution, for example, takes advantage of the recent advances in EEPROMs. The technique electronically stores logger data in the RAM (random access memory) of an EEPROM, which may then download the data to a personal computer.
13 Data storage at the remote site with access via dial-up lines adds constraints of cost and not being able to view data in real-time, phone line unreliability, and noise problems.
In the past, there has been an interest in logging the temperature information of a building in order to optimize the heating and cooling of the building.
6,14 Temperature measurements along with energy consumption measurements have been used to successfully reduce energy consumption in buildings. 4 The InterDAQ device described in this paper provides a solution to the above-mentioned challenges since data will be automatically formatted into an HTML format that facilitates very convenient access from the Internet. Moreover, since our device uses a Java program for control, the data from several different sensors may be captured and calculations may be made before data is accessed by a central server on the Internet.
As the Internet gains in prominence, the use of Internet appliances to gather data has also increased. [15] [16] [17] The collection of information from remote data gathering stations, by a central controlling unit allows both more convenient retrieval and more accurate data. The latter is due to the fact that the measurements will be entirely related to factors at the collection site.
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Also following in the spirit of developing new Internet appliances, our device, called the InterDAQ, combats both of these problems and is a complete redesign of the data collection system. Data collection in remote buildings will be lessexpensive, faster, and more versatile. The cost reduction will be reduced from $2,000 to $3,000 for existing devices to $400 to $500 for InterDAQ. Since dialup, with its associated cost (is no longer required), data will be accessed more frequently, via the Internet. The proposed solution to accomplish these goals is to include a miniature web server in a remote-logging module, which we designed as part of InterDAQ. Dallas Semiconductor has such a miniature web-server called a Tiny Internet Interface, which is a Java server (i.e. embedded system designed to run Java applications and interface between external hardware and a network). This device will be referred to as the Internet interface unit throughout this paper. InterDAQ used the Internet interface unit to control a measuring station and then uploaded the data to a web server in two formats for easy accessibility. In the laboratory, the measuring module contains a voltage transformer, a current transducer, a Watt-hour transducer and a temperature sensor. In addition, it contains a set of amplifier and rectifying circuits in order to read AC voltages and currents. Subsequently, this circuitry is connected to the 1-Wire compatible T8AD analog-to-digital (A/D) converter. Since each of these measuring modules has an A/D converter with a unique 64 bit identification code, Java programs run on the Internet interface unit are able to poll specific measuring modules storing the data. The Internet interface unit also manages the taking of voltage and amperage measurements, calculating power (V*I), and writing this information along with a timestamp into text format. The Internet interface unit can be accessed through the Internet via any browser or file transfer protocol. An overall block diagram is seen in Fig. 1 . Analog voltage, current, temperature and pulse inputs are connected to the measuring module, which in turn, interfaces the Internet interface unit. This paper is organized as follows. Section 3 provides the design specifications of the InterDAQ, the Internet appliance. Section 4 discusses the scope of the project and its implementation. Section 5 presents an example of the resulting output of the proposed Internet based power measurement technique. Finally, Sec. 6 summarizes the contribution of this paper.
Design Specifications
The main objectives of this project were as follows: to take voltage and current measurements and convert all this analog data into digital data, make temperature measurements, make Watt-hour transducer measurements and send this information to the Internet interface unit. Figure 2 details the main functions provided. An integrated watt-hour transducer (WHT) also monitors the AC load. The WHT's pulse output is monitored for comparison and pulse input functionality. InterDAQ performs the necessary tabulations to the acquired data, writes it into an ASCII file format, and then makes the data available on the Internet via a web browser (or through FTP). Below is a more detailed explanation of each task that the system will need to perform:
• Poll the measuring module and retrieve any available data.
• Take readings from both the current transducer and voltage transformer and convert analog data into digital data.
• Acquire digital data from a Watt-hour transducer.
• Store all digital data in RAM memory.
• Perform the necessary calculations and log into the Internet interface unit's FTP directory using the Java programs.
• Upload data as requested by the central server.
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Scope of Project and Implementation Details
The scope of the InterDAQ project ranged from raw measurements of voltage and current measurements up to Java programming and networking. In this section of the paper, we will step through each segment of the InterDAQ design, which is broken into five main areas: the current sensing circuit, the voltage sensing circuit, the precision rectifying circuit, the digital interface circuit, and the Java polling program. Power is defined as the vector dot product of voltage and current. For the experiment given in the next section of this paper, we employed a resistive load. Thus, the InterDAQ computes the power drawn as the product of an RMS current measurement and an RMS voltage measurement. Although any current transducer could be used, the testing was done with a 0-50 Amp current transducer (CT). The CT provides the starting point for the load's current measurement and converts an alternating current into an alternating voltage. The induced voltage had a root mean square (rms) value between 0 and 0.33 V. The 0-50 Amp CT is linear throughout its range, thus 0 A, 25 A, and 50 A currents produced 0 VRMS, 0.166 VRMS, and 0.333 VRMS outputs respectively. These voltages were passed through a gain 15 amplifier to increase the dynamic range (0 to 5 V) before A/D conversion. To obtain a DC voltage proportional to the load's AC voltage, a 166J3 Hammond transformer was used in conjunction with a precision rectifier 19 and a filter capacitor. The transfer function is shown in Fig. 3 . The second order nature of the function is expected. The second order polynomial fit is remarkably close to the data points and shows a correlation very close to perfect (R = 0.9998). This correlation compares very favorably with the correlation values found in Ref. 7 . Figure 4 depicts the circuit used to process the Watt-hour measurement. The Watt-hour transducer produced one dry contact relay closure for every 100 Watthours of energy usage measured. This relay closure (200 milliseconds in duration) is debounced by a monostable flip-flop. This debounced pulse is used to clock an 8-bit counter. The value in the counter is the energy (in 100's of Watt-hours) used since the last time the counter was read. The rest of the circuit deals with reading this counter value.
The DS2406 is a Dallas Semiconductor dual-addressable switch. It has two channels, PIO-A and PIO-B. Each of these channels can sense the logic level of the line connected to it, as well as send a logic signal by pulling the line low. On the digital board, Channel A is used as a clock signal and Channel B is used to send data to the Address/Control Register and receive data from the multiplexer. Since Channel A is a clock, the signals sent to it through the 1-Wire bus will always be alternating 0, 1, 0, 1. The actual data to be written by Channel B will remain constant for 2 clock cycles (4 bits). So a signal will be sent in two clock cycles (four 1's for a logical high and four 0's for a logical low). Each bit must be sent in 4's and will be received in pairs by the Address/Control Register. In normal operation (one full reading of the 8-bit counter), the Address/Control Register receives 16 bits of data from the DS2406 switch.
The first six bits contain the 3-bit address (A2A1A0) of the bit to be read. These are fed to the multiplexer to select one of the 8 bits from the counter. Bit 7, CR, is used as a counter reset signal. The Output Enable (OE) bits are used to enable or disable the tri-state buffer connected to the output. As shown on the schematic, the output of the multiplexer passes through the tri-state and then back into the I/O channels B on the 2406. The output enable signal keeps the buffer in High Impedance mode until the ACR is full. This prevents the output signal from interfering with the incoming data on Channel B. When the ACR is full, the OE signal enables the buffer and the signal can pass through to Channel B, where it is read by the 2406. The last bit, Shift Register Clear (SR CLR) is used to clear the ACR. At the beginning of the next cycle, the first bit of the control code is shifted in, forcing bit 14 into the last position. A high signal in this position clears the two shift registers and prepares them for the next incoming control code.
Software operation
The Java program that runs on InterDAQ contains 5 classes. These are: Sensor, Control, LogFile, Temperature, and Convert. The flow chart for the basic Java polling program is shown below in Fig. 5 . The Sensor class defines an object that can store all the relevant information about a sensor connected to the logger. This information includes: (1) raw sensor value, (2) units for the reading, (3) conversion factor for the reading, (4) time and date of the sample, (5) 64-bit 1-Wire ID of the sensor or device used to communicate with the sensor (this is stored as an array of 8 bytes, as well as the string representation of the ID), (6) description of the sensor, and (7) channel number (if the device has selectable channels, like an A/D converter). The class also contains accessor and mutator Java tasks for each of the fields listed above. In addition, there are two Java tasks that return a formatted string that can be used as a log file entry. This string can be formatted as plain text (outTXT) or with HTML tags (outHTML).
The Control class contains the main Java task and the central functionality of the program. First, it parses the command-line options passed to the program and directs the flow of the program according to these (which config file to use, one sample mode or normal continuous sampling, etc.). It will then sample (either in a loop, or one time only) and cycle through an array of Sensor objects. For each object, it determines the type of sensor and calls the appropriate sampling Java task. The sample value is stored in the Sensor object that is then written to the log file. This process is done for each sensor in the list (which could be read from a configuration file). The LogFile class advances the file pointer to the end of the file before writing, so extra log entries are appended to the previous file (if one exists). This task also handles external access to the file. The Temperature class provides the method (A method is defined as a subroutine, whereas a task is defined as a function that passes both input and output variables in the Java programming language, 20 ) necessary to acquire the temperature data. The DS1820 1-Wire temperature probe is connected to the logger.
The Convert class provides the method for retrieving analog readings from any of the 8 A/D converter channels on the T8AD. It also contains the read digital task for reading a digital value from any of the four DS2406 addressable switches on the board. This task requires that our special control and counter circuit be connected to both channels of a DS2406. Figure 6 depicts the measurement information as seen on the Internet, while the InterDAQ is in operation. There were four main test plans for this project, which ensures that the current transducer, voltage transformer, Watt-hour transducer, and temperature sensor perform their specific tasks effectively.
Laboratory Results
In order to perform tests for the current transducer, we attached a resistive load (power factor = 1.0) to an 120V AC power source. This created a situation in which current was drawn at different amperage levels, namely: 0.833A, 1.66A, 2.5A, 3.33A, 4.166A and 5A. This enabled us to acquire the current readings and connect the output of the current transducer to our electronic circuit. The voltage transformer was connected directly to the AC power source in order to determine the voltage as it was applied to the load. The acquired voltage was then stepped down in order to allow measurements of the voltage level without overloading our measurement circuitry. The Watt-hour transducer was connected to the power supply and measurements of the power consumption are set at 100 KW/hr intervals. Each time the load consumed 100 Watt-hours of energy, it activates a pulse that InterDAQ captures and records.
In terms of sampling times, with the current Java code for data acquisition, one complete sample cycle includes: one temperature reading using a DS1820 1-Wire temperature probe; two A/D converter readings (voltage transformer and current transducer) using the T8AD board; and one digital reading using the T8AD and extra circuit used to store counts from the Watt-hour transducer. The full cycle, including sampling and writing to a file on the Internet interface unit, takes an average of about 3 seconds. PolyConvert is a Java task that utilizes the NewtonRaphson algorithm for finding the roots to a polynomial, which was used to allow a second order polynomial fit to the measured data. The average durations for the different program functions are as follows: A/DC read 150 ms, Digital read 700 ms, Temperature 100 ms, File write 300 ms, PolyConvert 60 -150 ms. A sample of selected code that operates the system is given below: /* The Sensor class provides an object to carry all information about a sensor connected to the logger this includes the fields listed and explained below It also provides methods for changing and retrieving these fields 
Summary
As energy consumption continues to increase, the ability to accurately collect and distribute energy information will become more critical -one area of application is to aid in the avoidance of blackouts like the one that occurred in the northeastern part of the United States in August of 2003. We have described a new data-logging internet appliance, called the InterDAQ, which provides a unique low-cost solution to the power management and logging problem in the age of Infomatics. The main contribution of this interdisciplinary paper is that it discusses the construction of an embedded system to accomplish the task of gathering data and making it available over the Internet. Specifically, our Internet appliance will allow for the capture of voltage, current, temperature and time stamp information, which is then formatted by our device with HTML tags to allow for convenient viewing on a website. The use of Java to create such a Web interface allows also for some local processing. In summary, we have provided the hardware and software details for a complete low-cost system, adding to the body of knowledge of providing a Web interface to sensors that standardize the Internet connection and query, especially in distributed sensor networks and embedded systems.
